Background. Individuals with bipolar disorder demonstrate abnormal social function. Neuroimaging studies in bipolar disorder have shown functional abnormalities in neural circuitry supporting face emotion processing, but have not examined face identity processing, a key component of social function. We aimed to elucidate functional abnormalities in neural circuitry supporting face emotion and face identity processing in bipolar disorder.
Introduction
Bipolar disorder affects at least 1 % of the population, is associated with increase in total mortality, and is among the top 10 most debilitating illnesses worldwide (Angst et al. 2002 ; Murray & Lopez, 1996) . A key component of the disorder is emotion dysregulation, which in turn is linked to the more global pattern of abnormal self-referential processing, grandiosity and overall social dysfunction demonstrated by individuals with the disorder (Goswami et al. 2006 ; McClure-Tone, 2009 ).
Social processing in general comprises understanding and regulating one's self, understanding others, or processes that occur at the interface of self and other (Lieberman, 2007) . One commonly used method of assessing social processing is through the use of human face stimuli, which serve as ecologically salient stimuli conveying both important identityrelated information and salient emotional data. These have been shown to involve overlapping but distinct neural systems (Bruce & Young, 1986 ; Haxby et al. 2000) , both of which occur commonly and frequently at a rapid implicit level in most day-to-day functioning, and are important for supporting successful social interaction (Bruce & Young, 1986 ; Pelphrey et al. 2007) .
The recently proposed National Institute of Mental Health (NIMH) Research Domain Criteria (RDoC) further suggest that social processing is one of the key information-processing domains relevant to understanding etiopathophysiologic processes of major psychiatric illnesses such as bipolar disorder (Insel, 2010 ; Insel et al. 2010) , and studies have demonstrated that euthymic bipolar adults have deficits in components of social processing such as theory of mind (Bora et al. 2005 ; Malhi et al. 2008) . There have been studies of identity processing in other areas of psychopathology (Pelphrey et al. 2007) ; however, to our knowledge identity processing has not been assessed to date in bipolar disorder.
Examining the neural circuitry supporting both face identity and face emotion processing is therefore one promising way forward to identify neural mechanisms associated with social processing in bipolar disorder. This in turn could serve as a first stage toward elucidating pathophysiologic processes in the disorder to ultimately pave the way for new and personalized treatments for this debilitating psychiatric illness (Phillips, 2007) .
Early studies in healthy controls that examined face processing neural circuitry identified the fusiform face area (FFA) as a key neural region supporting face identity and general face processing (Haxby et al. 1994 ; Farah, 1996 ; Kanwisher et al. 1997 ). In parallel, many studies have highlighted the role of the amygdala not only in face emotion processing (Hariri et al. 2002) but also as a region crucial for face identity processing in general (Vuilleumier & Pourtois, 2007 ; Phillips et al. 2008a) . One of the main outputs from the amygdala are cortical midline structures including the ventral prefrontal cortex/orbitofrontal cortex (OFC) and the medial prefrontal cortex (mPFC). These are highly interconnected regions well known from animal and human lesion studies (Bechara et al. 1995 ; Gallagher et al. 1999) and from human neuroimaging studies (Dannlowski et al. 2007 ; Phillips et al. 2008a ). The mPFC subserves social cognitive processes involved in representing and understanding one's self and others to support skilled social functioning (Amodio & Frith, 2006) . Therefore, it may be that this region bears importance to the altered self-processing seen in bipolar disorder, including grandiosity, poor insight and alterations in self-esteem core to the clinical and diagnostic features of the illness (First et al. 1995a ; Jamison, 1995) .
The majority of face processing neuroimaging studies in bipolar disorder focused on identification of abnormalities in face emotion processing neural circuitry (Keener & Phillips, 2007 ; Phillips et al. 2008a) and demonstrated functional abnormalities predominantly in subcortical limbic regions (including the amygdala), the OFC and the mPFC in individuals with the disorder (Phillips et al. 2008a) . For example, despite normal scores on tests of face processing (Getz et al. 2003 ; Chen et al. 2006 ), many studies showed elevated amygdala and subcortical activity to different facial emotions in bipolar individuals across different mood states to different negative and positive emotional facial expressions (Lawrence et al. 2004 ; Altshuler et al. 2005 ; Blumberg et al. 2005 ; Malhi et al. 2007 ; Almeida et al. 2010) . To date, however, there have been no neuroimaging studies examining neural circuitry supporting face identity or similar social perceptual processing in bipolar disorder. The aim of the present study was therefore to identify the specific nature of functional abnormalities in face identity and face emotion processing neural circuitry, and the wider social sensory neural circuitry, in adults with bipolar disorder. We used a novel task that allowed us to examine neural activity differentiating face identity processing from emerging face emotion processing. Given the novelty of this task, we wanted to avoid possible confounds of mood episode upon findings in bipolar adults (Lawrence et al. 2004) , and therefore included only euthymic adults with bipolar disorder currently in remission.
Given previous studies implicating fusiform gyri and amygdala in face identity and face emotion processing, and the mPFC and amygdala in social sensory processing in general, and existing literature indicating abnormally elevated amygdala activity to face emotion in euthymic adults with bipolar disorder relative to healthy adults, we hypothesized that :
(1) (a) All participants would show activity in face identity, face emotion and social processing neural circuitry, specifically in fusiform gyri, amygdala and mPFC. (b) Euthymic bipolar adults would show significantly greater amygdala activity than healthy adults across face emotion and face identity processing. (2) Euthymic bipolar adults would show abnormally elevated amygdala activity versus healthy adults during emerging face emotion processing.
Given the disrupted social functioning in adults with bipolar disorder, we then wanted to examine the nature of functional abnormalities in fusiform gyralamygdala-mPFC face identity and social processing neural circuitry specifically during face identity processing in euthymic bipolar adults. We hypothesized that :
(3) Euthymic bipolar and healthy adults would be differentiated by the magnitude of activity in this circuitry during face identity processing. The paucity of existing neuroimaging studies of face identity processing in bipolar disorder did not allow us to make a more specific hypothesis regarding the nature of the between-group differences in activity in this neural circuitry.
Method

Participants
The study was approved by the Institutional Review Board at the University of Pittsburgh. All individuals provided written informed consent before participation. Twenty-seven adults with bipolar disorder, type I (mean age=32.4, S.D.=6.52 years, 10 males, 17 females), diagnosed according DSM-IV criteria and the Structured Clinical Interview for DSM-IV, Research Version (SCID-I/P ; First et al. 1995b ), participated in the study. All were euthymic and in remission for at least 2 months at the time of scanning, having a Hamilton Depression Rating Scale (HAMD-25 ; Hamilton, 1960) An age-and gender-matched group of 27 healthy control participants (mean age=31.7, S.D.=8.47 years, 10 males, 17 females) with no previous personal history or family history of psychiatric illness in first-and second-degree relatives participated in the study. All participants were right-handed, native English speakers and gave written informed consent prior to participation. All participants complete the State-Trait Anxiety Inventory (STAI ; Spielberger & Vagg, 1984) to measure state anxiety on the day of scanning.
Exclusion criteria for all participants included history of head injury (from medical records and participant report), systemic medical illness, cognitive impairment [score <24 on the Mini-Mental State Examination (MMSE) ; pre-morbid IQ estimate <85 on the National Adult Reading Test (NART)], Axis-II borderline personality disorder, and general exclusion criteria for magnetic resonance imaging (MRI) (e.g. metallic objects in the body). For healthy adults, current or previous alcohol and illicit substance abuse (determined by SCID-I, saliva and urine screen and history taking) were further exclusion criteria. Bipolar adults were excluded if they had rapid cycling bipolar I disorder (four or more episodes per year) or required immediate and intensive medical attention. Bipolar adults also had to be free from alcohol or substance abuse or dependence for a minimum of 2 months and information was obtained about lifetime co-morbid alcohol or substance abuse or dependence, or lifetime diagnosis of anxiety disorder.
Participants were recruited through local advertisements. The participant population reflected the demographics of the patient population of the University of Pittsburgh Medical Center (UPMC). The study protocol was approved by the University of Pittsburgh Institutional Review Board.
Paradigm
Participants completed a 12.5-min Emotion and Identity Dynamic Faces task during functional MRI (fMRI) scanning. Faces from the NimStim stimulus set (Tottenham et al. 2009 ) were morphed in either an emerging face Emotion or face Identity condition. From each of two end-point images, relevant anatomical landmarks were selected (pupils, inner eyelid) as control points and interval morph transformations were generated between the end-point images to produce a linear continuum between the two end-points within a specialized software. For the emerging emotion conditions, a neutral (0 % emotion) face was morphed with an emotional face of the same identity (100 % emotion) for each of four emotions : happy, sad, angry, and fearful. For the identity condition, one identity with a neutral expression (0 % identity) was morphed with another (100 % identity) identity of the same sex and race. These morph images at 5 % intervals were then translated into 1-s movies progressing from 0 % to 100 % morph in which there was one identity changing into another or an emotion emerging from a neutral face. Control trial movies comprised a light gray oval on which a shape (dark oval) was superimposed and subsequently morphed into a larger shape, approximating the temporal and visuospatial complexity displayed by face stimuli, which were also displayed in grayscale of a similar level of contrast.
Participants were asked to use one of three fingers to press a button indicating the color of a semitransparent foreground color flash (orange, blue, or yellow) that appeared during the mid-portion (200-650 ms) of the 1-s presentation of the dynamically changing background face morph. These faces were task irrelevant and, thus, processed by the participants only implicitly ( Fig. 1 ).
There were three blocks for each of the above four types of emerging emotion trials, with 12 stimuli per block, three identity blocks, and three shape control blocks, with six stimuli per block. Emotional, identity and control blocks were presented in a pseudorandomized order so that no two blocks of any condition were presented sequentially. Therefore, a total of 36 stimuli per condition were presented in the task. Our main dependent variables of interest were color labeling accuracy, reaction time, and activity for all face condition blocks.
Data acquisition
Neuroimaging data were collected using a 3.0-T Siemens Trio MRI scanner at the Magnetic Resonance Research Center (MRRC) in the UPMC. Structural three-dimensional (3D) axial magnetization prepared rapid gradient echo (MPRAGE) images were acquired in the same session [repetition time (TR)=2200 ms, echo time (TE)=3.29 ms, flip angle=9x, field of view (FOV)=256r192 mm 2 , slice thickness=1 mm, matrix=256r256, 192 continuous slices]. Blood oxygen level-dependent (BOLD) images were then acquired with a gradient echo-based echo planar imaging (EPI) sequence during approximately 13 min (378 successive brain volumes) covering 39 axial slices (thickness=3.2 mm, TR=2000 ms, TE=28 ms, FOV=205r205 mm 2 , matrix=64r64, flip angle=90x).
Data analysis
Demographic, clinical and behavioral data analyses
Between-group differences among demographic and clinical variables were analyzed using independentsamples t tests and non-parametric tests as appropriate (Table 1) .
Neuroimaging analyses
Data were preprocessed and analyzed using Statistical Parametric Mapping software (SPM5 ; www.fil.ion. ucl.ac.uk/spm). Data were corrected for differences in acquisition time between slices, spatially normalized into a standard stereotactic space (Montreal Neurologic Institute, MNI), realigned and unwarped, resampled to 2r2r2 mm 3 voxels, and smoothed using a 6-mm full-width at half-maximum (FWHM) Gaussian kernel. Trials were modeled with the canonical hemodynamic response function.
A first-level fixed-effect model was constructed for each experiment in a block-related design. Performance on a shape morph of similar size and visual intensity (as described above) was entered as baseline in the design matrix. Participant movements were entered as covariates of no interest at the individual subject level. To test our hypotheses, the two face conditions were then entered into second-level 2 group (group : healthy adults versus euthymic bipolar adults)r2 face condition [all face emotion (versus shapes), face identity (versus shapes)] ANOVA with the relevant t-contrast images (emotion_baseline, identity_baseline).
To test hypothesis 1, we first examined whole-brain and amygdala region-of-interest (ROI) activity to all face versus shape conditions over all participants (hypothesis 1 a). Next, to test hypothesis 1 b, we examined the main effect of group upon whole-brain and amygdala ROI activity over both face conditions using the above 2r2 ANOVA model. To test our second and third hypotheses, we examined the grouprcondition interaction upon whole-brain and 0-15%
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70-100% Fig. 1 . Graphic representation of a task trial. During an emotion and identity dynamic faces functional magnetic resonance imaging (fMRI) task, participants indicate the foreground color appearing during (200-650 ms) the middle of a 1-s presentation of dynamically changing background face morph in either an emotion (angry, fearful, sad, happy) or identity condition. The control task comprised a shape morph approximating the visuospatial complexity of face stimuli.
amygdala ROI activity, using the above 2r2 ANOVA model followed by post-hoc independent t tests, examining between-group differences in activity to each face condition separately [emotion (versus shapes) or identity (versus shapes)]. Lastly, in exploratory analyses, we examined the main effect of group upon each face emotion condition (angry, fearful, sad, happy) separately using independent t tests.
In the above analyses, neural activity was examined at the whole-brain level in addition to an a priori amygdala ROI as defined in the Wake Forest Toolbox PickAtlas Talairach Daemon template (Maldjian et al. 2003) . To control for multiple statistical testing, we maintained a false positive detection rate at p<0.001 for all analyses at the whole-brain level and p<0.05 for a priori amygdala ROI analyses. These were then subjected to a stringent peak-level family-wise error (FWE) multiple-comparison correction at pf0.05. For regions showing significant between-group differences in activity in the above t-test analyses, we then extracted the BOLD signal to determine the extent to which between-group differences in activity resulted from greater or reduced activity to faces versus shapes in each group.
Relationships between task performance and clinical variables and activity
Relationships between the following measures and extracted BOLD signal in regions showing clusters of activity that differed significantly between groups were performed in bipolar adults using Pearson correlational analyses (continuous variables) or t tests (dichotomous variables) : performance accuracy and reaction time for relevant relationships (e.g. neural activity to happy faces and reaction time to happy faces), age, gender, age of bipolar illness onset, bipolar illness duration, subthreshold depression severity (HAMD-25), subthreshold mania severity (YMRS) and state anxiety (STAI). We also examined co-morbid substance abuse and co-morbid anxiety. A problem for all neuroimaging studies of bipolar disorder is the potential confounding effect of psychotropic medication, as it is difficult to recruit medication-free participants into such studies (Phillips et al. 2008 b) . Thus, activity values that differed between groups, in those taking versus not taking each psychotropic medication class (mood stabilizer, antipsychotic, antidepressant and anxiolytic medications), were compared using independent t tests. Because of the exploratory nature of these correlations, we did not correct for multiple comparisons.
Results
Color and face labeling accuracy
Color labeling accuracy and reaction times for emotion blocks were calculated based on individual subject task performance for an average of the emotion (four emotional face conditions (anger, fearful, sad, and happy) and the identity condition. Overall, task accuracy was high : 95.9 %, and 94.6 % face color labeling accuracy for healthy adults and bipolar adults respectively. There were no significant group differences in color labeling accuracy for any color or for any individual emotional face condition, nor were there any significant group differences in reaction times. Accuracy for recognizing and identifying face emotion was also tested offline in a separate verification task and there were no significant group differences (Table 1) .
Neuroimaging data analyses
Hypothesis 1 : Activity to all faces (emotion and identity) versus shapes across all participants and between groups Activity to all faces versus shapes over both groups. All participants activated the right fusiform gyrus, right occipital gyrus, bilateral amygdala, and left lingual gyrus to all faces to a significantly greater extent than shapes (p<0.05 FWE).
Main effect of group. In examining the main effect of group across both emotion and identity conditions (all faces), one region in the right superior temporal gyrus Brodmann area (BA)21 had a trend toward significance (p=0.086 FWE), as did right-sided amygdala activity in an ROI (p=0.07 FWE) ; however, there were no regions that demonstrated significant activation that met the significance threshold corrected for multiple comparisons.
Hypotheses 2 and 3 : Between-group differences in neural activity for the face identity and face emotion conditions Group by condition interaction. There was a significant main interaction of group and condition in the right somatosensory cortex BA4 (p=0.006 FWE), with a trend toward effect in the right inferior parietal cortex and precuneus (p=0.06 FWE). An interaction of group by condition using an amygdala ROI revealed significantly greater activity in the bilateral amygdala in euthymic bipolar versus healthy adults. Left-sided activity survived FWE correction for multiple comparisons (p=0.03 FWEcorr). Right-sided activity did not survive the stringent FWE correction (p=0.11 FWEcorr), but passed the less stringent false discovery rate (FDR) correction (p=0.05 FDRcorr) ( Table 2) . Posthoc testing demonstrated this left-sided activation to be the result within the emotion condition where the bipolar group had greater activation to emotional faces than did the control group.
To test our main hypotheses 2 and 3, we next performed between-group t contrasts at the whole-brain level and in the amygdala ROI for face emotion and face identity conditions separately.
Face emotion minus shapes. A t contrast performed at the whole-brain level found no between-group difference in activity at FWE corrected significance thresholds, although a region in the right somatosensory cortex (BA4) showed a trend (p=0.06 FWEcorr) for euthymic bipolar disorder adults to show greater activity than healthy adults, who demonstrated deactivation in this region (Table 2) .
Amygdala ROI analysis revealed significantly greater activity in the bilateral amygdala in euthymic bipolar versus healthy adults. Right-sided activity survived FWE correction for multiple comparisons (p=0.04 FWEcorr). Left-sided activity did not survive the stringent FWE correction (p=0.08 FWEcorr) but passed the less stringent FDR correction (p=0.025 FDRcorr) (Table 2 ; Fig. 2 a) .
Face identity minus shapes. A between-group t contrast performed at the whole-brain level revealed a region in the right mPFC (BA 9) where euthymic bipolar showed significantly greater activity than healthy adults (p=0.05 FWEcorr). Here, euthymic bipolar adults showed greater activity in this region whereas healthy adults demonstrated deactivation in this region, relative to shapes (Table 2 ; Fig. 2 b) .
Amygdala ROI analyses revealed significantly greater right-sided amygdala activity in euthymic bipolar versus healthy adults, who did not demonstrate significant amygdala activation (p<0.05 FWEcorr) (Table 2) (Fig. 2 b) .
Group comparisons for individual face emotion conditions. For angry faces versus shapes, there were no significant between-group differences in whole-brain activity. Amygdala ROI analyses demonstrated greater bilateral amygdala activity in bipolar relative to healthy adults (uncorrected p=0.004/p=0.006) that did not survive correction for multiple comparisons on the left and showed a trend for greater activity in bipolar versus healthy adults on the right (p=0.09 FWEcorr) ( Table 2) . 
For fearful faces versus shapes, there was significantly greater activity in bipolar relative to healthy adults in an extended cluster including the right superior temporal gyrus and parahippocampal gyrus (p<0.05 FWEcorr). Amygdala ROI analyses demonstrated greater bilateral activity in bipolar relative to healthy adults, although this was at trend level on the right side (p=0.07 FWEcorr) and did not survive correction on the left (Table 2) .
For sad faces versus shapes, there was no significant between-group difference in whole-brain activity. Amygdala ROI analyses revealed significantly greater left amygdala activity in bipolar relative to healthy adults (p<0.05 FWEcorr). Post-hoc analysis revealed this to be the result of activation in bipolar adults with no significant activation in healthy adults ( Table 2) .
For happy faces versus shapes, there was significantly greater activity in bipolar relative to healthy adults in a right medial prefrontal cortical cluster (BA 24/32) (p<0.05 FWEcorr). Post-hoc analysis revealed this to be the result of significant activation in bipolar adults as opposed to significant deactivation in healthy adults. Amygdala ROI analyses revealed significantly greater right amygdala activity in bipolar adults relative to healthy adults (p<0.05 FWEcorr) ( Table 2 ; Fig. 2 c) .
Exploratory analyses in bipolar adults
We examined the association of clinical variables with significant between-group differences in activation. Here we found five significant associations. In the all face (emotion+identity) minus shape condition, history of co-morbid anxiety disorder was associated with reduced amygdala activity [t(27)=x2.59, p=0.02]. In the face emotion minus shape condition, history of co-morbid clinical diagnosis of anxiety disorder was associated with reduced amygdala activity [t(27)=2.98, p=0.006]. In the face identity minus shape condition, there were no associations between clinical variables and activation. For the happy face condition, there was a negative correlation between subthreshold depressive severity (as measured by the HAMD-25) and amygdala activity [r(27)=x0.44, p=0.022], whereas use of mood stabilizers was associated with lower (i.e. normalized) mPFC activity [t(27)=2.48, p=0.002]. For the sad face condition, use of mood stabilizers was associated with lower (i.e. normalized) mPFC activity [t(27)=2.48, p=0.002]. There were no significant relationships with any other clinical variables including subthreshold mania severity (YMRS) or state anxiety (STAI). BDe >HC BA, Brodmann Area ; FWE, family-wise error correction for multiple comparisons at the peak voxel ; FDR, false detection rate correction for multiple comparisons at the peak voxel ; MNI, Montreal Neurologic Institute ; ROI, region of interest ; BDe, bipolar disorder currently euthymic ; HC, healthy controls ; N.A., not applicable ; L, left ; R, right.
Discussion
The aim of this study was to examine both face emotion and face identity processing neural circuitry in bipolar disorder, important subprocesses of social processing. Studies to date in bipolar disorder have focused solely on examining face emotion processing, and no study has yet examined neural circuitry supporting face identity processing in individuals with the disorder. Our main findings were threefold. First, in elucidating the neural circuitry of face processing across both groups, in support of hypothesis 1 a we were first able to demonstrate that both face emotion-processing and face identity-processing tasks when contrasted against the baseline of a dynamically moving shape elicited significant activation in bilateral amygdala and ventral occipital regions (hypothesis 1 a), including bilateral fusiform gyri, which have been shown to underlie facial processing and object categorization (Kanwisher et al. 1997 ; Haxby et al. 2002) . There was no significant main effect of group when examining amygdala activation (hypothesis 1 b), but there was an overall trend level effect toward increased amygdala activation in the euthymic bipolar adults.
Second, and in support of hypothesis 2, we showed significantly greater amygdala activity to all emerging face emotion conditions in euthymic bipolar relative to healthy adults, which parallels findings of several previous studies in bipolar disorder (Lawrence et al. 2004 ; Malhi et al. 2004 Malhi et al. , 2007 Blumberg et al. 2005 ; Almeida et al. 2010) . We also showed greater activity in the somatosensory cortex (BA4) in bipolar versus healthy adults to all emerging face emotion conditions, which only just failed to meet FWE correction in post-hoc between-group comparisons. Together, these findings suggest that bipolar adults may have perceived emotional faces as more salient emotional and sensory stimuli than healthy adults. Furthermore, in examining activity to separate emotions, the main findings included significantly greater amygdala activity to sad faces, which parallels previous findings of greater amygdala activity to sad faces in bipolar depressed adults (Almeida et al. 2010) . For happy faces, we found not only elevated amygdala activity in bipolar relative to healthy adults, similar to findings from previous studies (Lawrence et al. 2004 ; Blumberg et al. 2005) , but also, importantly, greater activity in bipolar than healthy adults in mPFC. Third, and regarding our hypothesis 3, we were able to show significant differences in activity between bipolar and healthy adults during face identity processing. Contrary to our first hypothesis, significant activation was not shown in the mPFC across both groups in both conditions, but activity in this region identified as subserving social processing and selfreferential processing did distinguish bipolar and healthy adults during face identity processing, in support of our third hypothesis. Specifically, our novel finding was that bipolar adults showed significantly greater activity during face identity processing in the right mPFC and the amygdala, which stands in contrast to healthy adults who showed deactivation in the mPFC to identity processing.
Studies have shown that the mPFC subserves social cognition, including self-related processing (Fossati et al. 2003 ; Amodio & Frith, 2006 ; Feinberg, 2011) . The extant literature has demonstrated that euthymic individuals with bipolar disorder demonstrate decreased regional cerebral bloodflow (rCBF) in the mPFC during cognitive tasks (Blumberg et al. 1999) and during mood induction tasks using autobiographical scripts (Kruger et al. 2003) and emotional words (Malhi et al. 2007) . We show for the first time, however, abnormally elevated activity in mPFC in euthymic bipolar adults during a face identity processing task and also during a positive face emotion processing, as opposed to healthy adults who showed mPFC deactivation during these conditions.
Taken together, our findings in euthymic adults with bipolar disorder during face identity and positive emotion processing suggest functional abnormalities in neural circuitry that is known to be responsible for supporting both social and emotion processing. It may be that, in turn, these abnormalities contribute to the alterations in self-related processing commonly seen in bipolar in the context of positive emotional state such as grandiosity, and inflated/poor self-esteem, and alterations in agency (First et al. 1995a ; Jamison, 1995 ; Lyon et al. 1999 ; Inder et al. 2008) . This is speculative, however, as we were not able to directly examine neural activity during social or self-processing, and we did not have measures of self-processing. This was one limitation of the study and therefore future studies should directly examine social and self-processing in bipolar and healthy adults.
There were other limitations of the present study. All bipolar adults were medicated, and some had a previous history of co-morbid anxiety disorder and/or co-morbid substance use disorders, a common confound in studies of bipolar disorder (Phillips et al. 2008b) . Exploratory analyses, however, revealed very few relationships between activity in neural regions that differed significantly between bipolar and healthy adults and clinical, or even demographic and task performance, measures. The few relationships that were revealed through these analyses indicated that some medications, history of co-morbid anxiety disorders, and higher levels of subthreshold depression severity were in fact associated with lower rather than higher levels of amygdala or mPFC activity to emotional faces. These findings therefore suggest that psychotropic mediations and history of co-morbid anxiety or substance abuse disorders had normalizing, not confounding, effects upon neural activity to emotional faces in bipolar adults. Because of their exploratory nature, the correlations were obtained without correction for multiple comparisons and should therefore be interpreted with restraint, also taking into account the numerous relationships explored and the possibility of type I error and false positive results. The present study examined activity in euthymic individuals with bipolar disorder ; however, further study during of neural activity in social processing neural circuitry, in particular during face identity processing, is needed in bipolar individuals during depressed and manic mood states.
Alternative study designs were also considered. The use of a neutral face as a baseline was considered but we decided against this approach secondary to need to account for the motion inherent in this emerging emotion. Use of the identity task as a baseline of comparison was rejected as appropriate given the distinctness of the associated neural system processing streams ; however, through the examination of the grouprcondition interaction we were able to directly contrast emotion versus identity through this use of the omnibus model. Lastly, to examine differences between individual emotion categories, the use of an additional 2r4 ANOVA model could have served as a fourth hypothesis and focus, but at the time we chose to focus on the between-group differences in activation.
Face emotion and face identity processing are important subprocesses within social processing. In this study both bipolar and healthy adults were found to recruit face and social processing neural circuitry to all faces in general, but bipolar adults demonstrated abnormally elevated activity during face identity and emotion processing in the mPFC and amygdala, key components of social processing neural circuitry.
The presentation of emerging rather than static emotional faces in the present study may have allowed us to observe the pattern of elevated mPFC activity to happy faces, a finding that has not been observed consistently in previous studies of neural circuitry supporting face emotion processing in bipolar disorder (Lawrence et al. 2004 ; Malhi et al. 2004 Malhi et al. , 2007 Altshuler et al. 2005 ; Blumberg et al. 2005 ; Hassel et al. 2008 ; Almeida et al. 2010) . Our findings highlight the need for future studies to examine neural circuitry during different social cognitive subprocesses, including non-emotional face processing, so as to gain a better understanding of the pathophysiology of bipolar disorder.
